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Homework on Orbital Velocity

SS3011 Space Technology
and Applications

Homework
elliptical-orbits: 2

Enterprise

 Sellers, Chapter 4, sections
4.1,4.2,4.3

o Starship Enterprise orbits planet
Tralfamador in an elliptical orbit
with semi-major axis a=0.02 Au
(*astronomical units) and

semi-major axisb = 0.01 Au
INavail rusitgrauuate School
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SS3011

Homework
ellipticakorbits: 2

 Given that Tralfamador has a mass 100 times greater
than the Earth

1) Compute the period of the orbit (check your units!)

Hint 1

Ueartn = G M = 6,672 x 10™ thTrgz x 5974 x 107%g =

3.98565 x 10 NEM? = 3,086 % 10 M2 = 1.4076x 10°
kg Sec? Sec?

*AU ~ 150,000,000 kilometers

Naval Postgraduate d>chool
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Hemework

elliptical orbits: 2
* Calculate the Magnitude of the velocity at
1) perifamador
i) apfamador
+ .
Hint 2 max ™ min — a

2

Mmax = fmin - o
Mmax T Mmin

Naval Postgraduate School
eeeeeee Yy California
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Homework

elliptical orbits: 2
* Calculate theAV required to achieve
"Escape velocity" at
1) perifamador
i) apfamador

Hint 3: i.e. find the change in velocity that puts the
satellite on an elliptical trajectory with

aw®

[ZH 1)

IIm a - o
"AV" escape = Vesc

Naval PostgraduateapeSchgol

Ve@cape
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First Compute the Period of the Orbit

a=002 AU = 0,02 x[ 150 x 10°] km =] 3.0 x 10°]km

Wiraitamedor = G M = 6.672 x 10™ % x 5,974 x 10%6kg =

3.98565 x 10% Nt-=m2 _ 3 9gg % 107 km®
kg SecZ

Naval Postgraduate School

M o terey, California




SS3011 Compute the Period of the Orbit

(cont'd)

| Kepler Third Law |

T = 2 Tad?
] Mt = 3.986 X 10723

a=[3.0x10°]km

T=2ma_ 6.283185 x [3.0 x 105 km[¥2 _
C 3986107

5196.2x 106 km??
3/2
63135 K

Naval P%gtgraduate School

eeeeeee Y o, C al i f rn

6.283185 x =5171.2 x 10° sec = 59.852 days

SS301Erom Earlier Homework Problem
Homework:Solution

 Minimum and maximum distances

perifamador, -- Minimum distance:
a
1.@ _ . [1l+e][l-e]

_ - 1-¢ - - =
v=0:22n1 U Tmin a[1+ecos>12nn)] a[1+e] a [1+e ]

la[1-e]=(0.02au)[1-0.866] = 0.00268 au

apfamador, -- Maximum distance:
O

= = 1-¢2 —aq 1-
v=(@2n+1) T 0 [yax a[1+ecos((12n+1)\)} a[l_

[a[1+e |= (0.02a)[1+0866]=003732all

] Pgstn’rqr‘anp School
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Velocity at Perifamador

Fin= 000268t x| 150 x 10P] km = 402,000 krm

Vil Au2-4°

7 km 2 1
\/3 W10 [402 000 km [3.0 x 10° km| ]

13.602 km/sec

Naval " Postgraduate School

SS3011
Escape Velocity at Perifamador

fin= 000268t x| 150 x 10°] km = 402,000 km

Vinde™ A2 ]

V3986x107km3[ b

402,000 km

14.08 km/sec

Naval Postgraduate School

ooooooooooooooooooo
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AV required to escape from orbit
at Perifamador

|Avrmin = ‘vrmi n‘ i ‘ (i n‘

escape escape

[14.080 - 13.602] XM = 0.478 km/sec

Naval Postgraduate School
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Velocity at Apfamador
I = 0.03732 a1 x| 150 x 10° | km = 5,598,000 km

Vil \/ 172 a] i

/ km 1 =
\/3 Hox 10" 3‘5 598,000km [30 x 10F km}]

0.9769 km/sec

M onterey, California
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Escape Velocity at Apfamador
lma = 0.03732 a1 x| 150 x 10° | km = 5,598,000 km

Vinal 7 W 2]

\/3 86 x 1077, {5 598, %oo km ]

3.7737 km/sec

Naval Postgraduate School
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SS3011

AV required to escape from orbit
at Perifamador

AVl . Vel Vi

escape x

[3.7737 - 0.9769] KM = 2.7968 kmsec

ooooooooooooooooooo




SS3011
Comparison of escape " AV'S"

AV = 0.9769 km/sec

escape

AV | = 2.7968 km/sec
escape

Naval Postgraduate School

nnnnnnnnnnnnnnnnnnn




